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METHOD OF FORMING A POWER SUPPLY 
CONTROL AND DEVICE THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates, in general, to elec 
tronics, and more particularly, to methods of forming semi 
conductor devices and structure. 

[0002] In the past, the semiconductor industry utiliZed 
various methods and structures to form pulse Width modu 
lated (PWM) poWer supply controllers. One important char 
acteristic of the PWM controllers Was the ef?ciency. Many 
PWM poWer supply controllers changed operating modes 
based on the amount of current required by the load. In some 
controllers, a continuous conduction mode Was used When 
the current required by the load Was large and a burst mode 
Was used When the current required by the load Was loW. 
HoWever, the burst mode often resulted in a large ripple 
voltage in the output voltage. While operating in the burst 
mode, the operating frequency often resulted in the PWM 
controller producing audible noise. Additionally, the PWM 
controllers needed complicated logic to sWitch the PWM 
controller betWeen the tWo operating modes. 

[0003] Accordingly, it is desirable to have a PWM con 
troller that has high e?iciency during light load conditions, 
that reduces the ripple voltage in light load conditions, that 
can reduce the audible noise, and that reduces the amount of 
control logic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 schematically illustrates an embodiment of 
a portion of a poWer supply control system in accordance 
With the present invention; 

[0005] FIG. 2 schematically illustrates an embodiment of 
a portion of the poWer supply control system of FIG. 1 in 
accordance With the present invention; and 

[0006] FIG. 3 is a plan vieW of an embodiment of a 
portion of a semiconductor device that includes a portion of 
the poWer supply control system of FIG. 1 in accordance 
With the present invention. 

[0007] For simplicity and clarity of illustration, elements 
in the ?gures are not necessarily to scale, and the same 
reference numbers in different ?gures denote the same 
elements. Additionally, descriptions and details of Well 
knoWn steps and elements are omitted for simplicity of the 
description. As used herein current carrying electrode means 
an element of a device that carries current through the device 
such as a source or a drain of an MOS transistor or an emitter 

or a collector of a bipolar transistor or a cathode or anode of 
a diode, and a control electrode means an element of the 
device that controls current through the device such as a gate 
of an MOS transistor or a base of a bipolar transistor. 
Although the devices are explained herein as certain 
N-channel or P-Channel devices, a person of ordinary skill 
in the art Will appreciate that complementary devices are 
also possible in accordance With the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 schematically illustrates an embodiment of 
a portion of a poWer supply control system 10 that includes 
a poWer supply controller 25. PoWer supply controller 25 
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assists in providing system 10 With a high ef?ciency during 
light load conditions. System 10 receives poWer, such as a 
DC voltage or a recti?ed AC voltage, betWeen a poWer input 
11 and a poWer return 12 and responsively generates a 
regulated output voltage betWeen an output voltage terminal 
13 and return 12. System 10 typically includes an energy 
storage inductor 14, an energy storage capacitor 16, a 
feedback netWork 17, a poWer sWitch or transistor 22 that is 
coupled to supply charging current to inductor 14, and a 
poWer sWitch or transistor 23 that is coupled to provide a 
discharge current for inductor 14. In the preferred embodi 
ment, feedback netWork 17 includes a voltage divider 
formed by resistors 18 and 19 that connected in series 
betWeen terminal 13 and return 12. A feedback node 20 is 
formed at the connection betWeen resistors 18 and 19, and 
generates a feedback voltage that is representative of the 
value of the output voltage betWeen terminal 13 and return 
12. NetWork 17 and transistors 22 and 23 typically are 
external to controller 25; hoWever, in some embodiments 
transistors 22 and 23 or netWork 17 may be internal to 
controller 25. 

[0009] PoWer supply controller 25 includes a PWM con 
troller 32, a Zero crossing detector 43, a Zero crossing latch 
44, a pulse generator 45, a transient comparator 30, an 
oscillator circuit or oscillator 50, an error ampli?er 28, a 
reference generator or reference 26, and an internal voltage 
regulator 27. Controller 25 receives poWer betWeen a volt 
age input 80 and a voltage return 81. Input 80 generally is 
connected to input 11 and return 81 generally is connected 
to return 12. Regulator 27 receives the voltage from input 80 
and forms an internal voltage for operating the elements 
Within controller 25 as illustrated by the connection from an 
output 31 of regulator 27 to oscillator 50. Reference 26 is 
formed to generate reference voltages for operating various 
elements of controller 25 including a ?rst reference voltage 
that is coupled to error ampli?er 28, a second reference 
voltage that is coupled to a hysteresis comparator 56 of 
oscillator 50, and a third reference voltage that is coupled to 
transient comparator 30. 

[0010] PWM controller 32 is formed to generate a ?rst 
PWM drive signal on an output 37 of controller 32 and a 
second PWM drive signal on a second output 38 of con 
troller 32. Controller 32 typically includes a PWM com 
parator 33, a PWM latch 34, and PWM control logic 36 that 
is used in controlling the timing of the PWM drive signals 
on outputs 37 and 38. Transistor driver 40 and inverting 
transistor driver 39 are formed to provide a drive capability 
that can provide suf?cient current to drive respective tran 
sistors 22 and 23. Drivers 39 and 40 receive the respective 
?rst and second PWM drive signals from respective outputs 
37 and 38 and responsively drive respective transistors 22 
and 23 With the PWM drive signals through connections to 
respective outputs 82 and 83 of controller 25. Such PWM 
controllers and transistor drivers are Well knoWn to those 
skilled in the art. 

[0011] Oscillator 50 is formed to provide a variable fre 
quency clock signal (CLK) on an output 62 that is used as 
a timing reference for PWM controller 32. Oscillator 50 is 
also formed to provide a variable frequency ramp signal 
(Ramp) that is used as a reference voltage by PWM con 
troller 32. Oscillator 50 includes a variable frequency oscil 
lator (V FO) 51 that is formed to generate both the variable 
frequency ramp (Ramp) signal and a variable frequency 
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oscillator signal that is used to form the variable frequency 
clock (CLK) signal. Oscillator 50 also includes a buffer 59 
that isolates VFO 51 from controller 32 and also buffers the 
Ramp signal to provide suf?cient drive for controller 32. A 
pulse shaper 61 of oscillator 50 receives the variable fre 
quency oscillator signal generated by VFO 51, sharpens the 
edges of the variable frequency oscillator signal, and adjusts 
the duty cycle to form the CLK signal. In one embodiment, 
shaper 61 adjusts the duty cycle to approximately 50-50. 
Preferably, shaper 61 does not alter the frequency so that the 
CLK signal has the same variable frequency as the variable 
frequency oscillator signal. In some embodiments, either or 
both of shaper 61 and buffer 59 may be omitted. VFO 51 
includes hysteresis comparator 56, a variable current source 
52, a timing capacitor 53, a discharge current source 58, and 
a discharge sWitch or transistor 57. The value of the current 
generated by variable current source 52 is controlled by the 
value of a frequency control signal that is applied to a 
current control input of source 52. Oscillator 50 also 
includes a frequency control circuit 65 that is formed to 
generate the frequency control signal on a frequency control 
output 74. As Will be seen further hereinafter, increasing the 
value of the frequency control signal increases the frequency 
of the Ramp signal and the frequency of the variable 
frequency oscillator signal of VFO 51, thus, the frequency of 
the CLK signal and the corresponding operating frequency 
of PWM controller 32. The frequency of VFO 51, the Ramp 
signal, and the CLK signal is represented by: 

[0013] F51iis the oscillation frequency of VFO 51, 

[0014] 
[0015] V74iis the value of the variable frequency 

control signal on output 74, and 

Kiis the scaling actor of VFO 51, 

[0016] Fminiis the minimum frequency of VFO 51. 

Typically, Fmin is selected to be a frequency that is 
greater than the audible frequency range. For the 
example embodiment of VFO 51 illustrated in FIG. 1, 
the minimum frequency can be set by con?guring 
source 52 to have a minimum current that results in the 
desired frequency. Circuit 65 includes a frequency 
increase current source 66, a frequency increase sWitch 
or transistor 67, a frequency decrease current source 71, 
a frequency decrease sWitch 72, a frequency capacitor 
68, a transient sWitch or transistor 70, and a frequency 
control node 69 that is connected to output 74. 

[0017] For normal load conditions, system 10 operates in 
a continuous conduction mode (CCM). For light load con 
ditions, the current required by the load connected betWeen 
terminal 13 and return 12 (not shoWn) decreases. Controller 
25 responsively reduces the Width of the drive pulse for 
transistor 22. In some cases, the load current decreases 
su?iciently so that a discharge current 78 through inductor 
14 reaches a value that is substantially Zero. This type of 
operation is often referred to as a discontinuous conduction 
mode (DCM). The discontinuous conduction mode (DCM) 
typically is identi?ed as a cycle of the CLK signal in Which 
discharge current 78 through inductor 14 reaches a value that 
is substantially Zero. The DCM operation of a particular 
CLK cycle begins approximately after current 78 through 
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inductor 14 reaches the substantially Zero value. DCM 
operation can occur for one cycle or for multiple cycles of 
the CLK signal based on current 78 becoming substantially 
Zero for that particular cycle. As Will be seen further 
hereinafter, the Zero crossing of current 78 is detected by 
detector 43. Discharge current 78 is the current through 
inductor 14. The current through transistor 23 may be 
different than just current 78. Thus, controller 25 is formed 
to be compatible With either CCM or DCM operation and 
continues to enable transistors 22 and 23 in the same manner 
during both CCM and DCM operation. 

[0018] The operation of controller 25 during the ?rst 
portion of the CLK cycle is the same in for either CCM or 
DCM operation. This ?rst portion of the CLK cycle is the 
time that the PWM drive signal on output 37 of controller 32 
is asserted. During this ?rst portion of the CLK cycle, 
oscillator 50 generates the variable frequency clock signal 
(CLK) Which sets latch 34 and facilitates controller 32 
asserting the PWM drive signal on output 82 to enable 
transistor 22. Enabling transistor 22 supplies a charging 
current 77 to inductor 14, capacitor 16, and any load (not 
shoWn) connected betWeen terminal 13 and return 12. 
Charging current 77 is the current through inductor 14. 
Asserting the CLK signal also resets latch 44 and prevents 
circuit 65 from decreasing the value of the frequency control 
signal on output 74 of circuit 65 While the PWM drive signal 
on output 37 of controller 32 is asserted. In the exemplary 
embodiment illustrated in FIG. 1, an edge detector circuit or 
edge detector 76 detects that the CLK signal is asserted and 
generates a pulse that resets latch 44. Asserting the PWM 
drive signal on output 37 also enables transistor 67 to 
conduct current from current source 66 to capacitor 68 
thereby charging capacitor 68 and increasing the value of the 
frequency control signal applied to current source 52. 
Increasing the frequency control signal increases the amount 
of current supplied by source 52. Increasing the current 
supplied by source 52 increases the current supplied to 
charge capacitor 53 thereby charging capacitor 53 faster and 
increasing the operating frequency of oscillator 50. As the 
value of the voltage on capacitor 53 increases past the value 
of the second reference voltage applied to comparator 56, an 
output of comparator 56 goes high thereby enabling tran 
sistor 57 to begin discharging capacitor 53 through current 
source 58. Typically, the value of the discharge current 
supplied by source 58 is greater than the value of the current 
supplied by source 52. When source 58 has discharged 
capacitor 53 to a value approximately equal to or less than 
the value of the second reference voltage, the output of 
comparator 56 goes loW thereby disabling transistor 57 
Which alloWs source 52 to again charge capacitor 53. Com 
parator 56 typically has a hysteresis input in order to prevent 
false triggering of comparator 56. As can be seen, VFO 51 
functions as a relaxation oscillator. The example embodi 
ment of VFO 51 and frequency control circuit 65 that are 
illustrated in FIG. 1 are example implementations of VFO 
51 and circuit 65 but other implementations may be possible. 

[0019] Error ampli?er 28 receives the feedback signal 
through a connection betWeen a feedback input 84 of 
controller 25 and node 20. In some embodiments, ampli?er 
28 may include a frequency compensation netWork 29. 
Ampli?er 28 generates an error signal that is received by 
comparator 33. Comparator 33 also receives the Ramp 
signal from oscillator 50. When the value of the ramp signal 
is approximately equal to or greater than the value of the 
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error signal, comparator 33 resets latch 34. The reset of latch 
34 is received by logic 36 Which responsively negates the 
PWM drive signal on output 82 and disable transistor 22. 
Negating the PWM drive signal on output 37 of controller 32 
also disables transistor 67 and decouples current source 66 
from capacitor 68 thereby terminating the charging of 
capacitor 68. Logic 36 also responsively generates a PWM 
drive signal on output 83 to enable transistor 23 to steer 
current 78 through transistor 23. As is Well knoWn to those 
skilled in the art, transistor 23 has a body diode that may 
conduct some current When transistor 23 is not enabled, 
thus, enabling transistor 23 steers the current through tran 
sistor 23 to be controlled by transistor 23. 

[0020] If the current required by the load (not shoWn) 
connected betWeen terminal 13 and return 12 remains large 
enough to prevent current 78 from becoming substantially 
Zero, the second portion of the CLK cycle proceeds With 
CCM operation. In CCM operation of the second portion of 
the CLK cycle, controller 32 keeps transistor 23 enabled for 
the second portion of the CLK cycle and the corresponding 
cycle of controller 32 until oscillator 50 generates another 
cycle of the CLK signal and another corresponding PWM 
drive signal cycle. Unless current 78 reaches substantially 
Zero, the operation continues in CCM operation as described 
previously. 

[0021] As long as CCM operation continues, the value of 
the frequency control signal is increased by each PWM drive 
signal on output 37 until oscillator 50 reaches the maximum 
frequency of oscillator 50. Typically, the maximum fre 
quency is selected to be the desired operating frequency in 
the continuous conduction mode. After the maximum fre 
quency is reached during CCM operation, the operating 
frequency of oscillator 50 remains substantially constant. 
Thus, during CCM operation the frequency gradually 
increases until reaching the maximum frequency. For the 
example embodiment illustrated in FIG. 1, the maximum 
frequency (Fmax) of oscillator 50 is represented by: 

[0023] V31iis the value of the voltage on output 31 of 
regulator 27, and 

[0024] Kiis the scaling actor of VFO 51. 

[0025] If the current required by the load decreases suf 
?ciently, DCM operation Will begin. A CLK cycle for DCM 
operation begins similarly to CCM operation With the same 
operation during the ?rst portion of the CLK cycle. Oscil 
lator 50 asserts the CLK signal to initiate a CLK cycle and 
a corresponding PWM drive signal cycle. Controller 32 
responsively asserts the PWM drive signal on output 37 
Which resets latch 44 and enables transistor 22 to form 
current 77. Subsequently, comparator 33 resets latch 34 to 
terminate the PWM drive signal on output 37 of controller 
32 and generate a PWM drive signal on output 38 to enable 
transistor 23. 

[0026] Negating the PWM drive signal on output 37 of 
controller 32 also disables transistor 67 and decouples 
current source 66 from capacitor 68 thereby terminating the 
charging of capacitor 68. The amount of charge stored on 
capacitor 68 during the ?rst portion of the CLK cycle that 
output 37 is asserted is represented by: 
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[0027] Where 

[0028] Qupithe charge stored on capacitor 68, 

[0029] Tonithe time that output 37 is asserted, and 

[0030] l66ithe current of source 66. 

During DCM operation, time Ton is proportional to the 
square root of charging current 77, thus, the charge 
added to capacitor 68 and the increase in the frequency 
of oscillator 50 is representative of the current through 
inductor 14. As a result, the frequency of oscillator 50 
Will change gradually With current 77. After the PWM 
drive signal on output 37 is negated, the value of the 
voltage stored on capacitor 68 and the corresponding 
frequency control signal remain substantially constant 
because source 52 has a high input impedance. Con 
sequently, the operating frequency of VFO 51 remains 
substantially constant after transistor 67 is disabled. As 
is Well knoWn to those skilled in the art, there may be 
some change in the frequency due to leakage current, 
hoWever, the change is usually small and the value 
remains substantially constant. Typically changes of up 
to ten percent (10%) are regarded by those skilled in the 
art as substantially constant. 

[0031] Approximately When current 78 becomes substan 
tially Zero, DCM operation begins. Zero crossing detector 43 
is connected to node 21 to detect discharge current 78 
through inductor 14 reaching a value that is substantially 
Zero. When the value of current 78 becomes substantially 
equal to Zero, the output of Zero crossing detector 43 is 
asserted. As is Well knoWn to those skilled in the art, there 
may be minor offsets and variances that cause the output of 
detector 43 to be asserted slightly before or slightly after 
current 78 reaches a value of Zero, hoWever, the variance is 
usually small. Typically variances or errors of up to ten 
percent (10%) of the total cycle or period of the current 
through inductor 14 (the cycle of current 77 plus current 78) 
are regarded by those skilled in the art as substantially Zero. 
Such Zero crossing detectors are Well knoWn to those skilled 
in the art. Control logic 36 receives the asserted output of 
detector 43 and responsively disables transistor 23. The 
asserted output of detector 43 also sets latch 44 forcing the 
Q output high. Pulse generator 45 generates a pulse in 
response to the Q output going high. The high output of 
generator 45 enables transistor 72 thereby coupling source 
71 to begin discharging capacitor 68 and decreasing the 
value of the frequency control signal applied to current 
source 52. Oscillator 50 receives the frequency control 
signal and responsively decreases the operating frequency. 

[0032] When the asserted period of the output of generator 
45 expires, the output is negated Which disables transistor 72 
and terminates the discharging of capacitor 68. Thus, assert 
ing the Zero crossing signal (ZC) removes a ?xed amount of 
charge from capacitor 68 that reduces the average value of 
the charge on capacitor 68. The amount of charge removed 
is represented by: 

Qdn=T45 *171 

[0033] Where 

[0034] Qdnithe charge removed from capacitor 68, 

[0035] T45ithe Width of the pulse of generator 45, and 

[0036] l71ithe current of source 71. 
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[0037] Reducing the value of the voltage on capacitor 68 
reduces the value of the frequency control signal applied to 
source 52 and the current supplied by source 52. Decreasing 
the current supplied to charge capacitor 53 charges capacitor 
53 sloWer and decreases the operating frequency of the CLK 
and Ramp signals and increases the corresponding operating 
period of controller 25. Decreasing the operating frequency 
of controller 25 increases the time betWeen leading edges of 
the PWM drive signal on output 82. It should be noted that 
the Width of the PWM drive signal on output 82 is different 
from the period betWeen leading edges. After disabling 
transistor 72, the value of the frequency control signal 
remains substantially constant because of the high input 
impedance of source 52. The value of the frequency control 
signal remains substantially constant until oscillator 50 
generates another asserted CLK signal to assert another 
PWM drive signal. The amount of the change in the value of 
the variable frequency control signal and the corresponding 
frequency of the CLK signal can be adjusted by changing the 
ratio of the current from sources 66 and 71, or changing the 
value of either of capacitor 68, or changing the Width of the 
pulse formed by generator 45. 

[0038] Outputs 37 and 38 remains negated and transistors 
22 and 23 remain disabled until oscillator 50 generates 
another cycle of the CLK signal. As long as the current 
required by the load remains light, the DCM operation 
continues for each cycle of the CLK signal. At some point 
during DCM operation, Qup and Qdn can become equal and 
controller 25 operates in an equilibrium condition that keeps 
the operating frequency of controller 25 substantially con 
stant. The duration of the pulse formed by generator 45 
affects Where the equilibrium condition occurs. Conse 
quently the Width of the pulse generally is selected to ensure 
that the equilibrium can occur in a steady state condition. In 
one embodiment, the Width of the pulse is betWeen approxi 
mately tWenty and tWo hundred (20-200) nanoseconds in 
order to remove the ?xed charge from capacitor 68 to 
achieve the equilibrium. 

[0039] As explained previously, the value of the variable 
frequency control signal is reduced only during DCM opera 
tion. 

[0040] During large transient conditions, the output volt 
age on output terminal 13 may change a large amount and 
the load connected thereto may require a large change in the 
load current. Transient comparator 30 is used to form a quick 
change in the value of charging current 77 during transient 
conditions and during start-up conditions in order to provide 
the desired current to the load. Comparator 30 compares the 
error signal from ampli?er 28 to the third reference voltage 
from reference 26. The value of the third reference voltage 
is selected to be near a value the feedback signal that 
represents a large change in the output voltage. Typically, 
the value of the third reference voltage is larger than the ?rst 
reference voltage in order to accomplish the quick change. 
When the output voltage decreases a large amount, the value 
of the error signal increases. If the error voltage increases to 
a value approximately equal to or greater than the third 
reference voltage, the output of comparator 30 is asserted 
Which enables transistor 70 to connect capacitor 68 to the 
internal operating voltage from regulator 27. Enabling tran 
sistor 70 quickly charges capacitor 68 thereby increasing the 
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value of the frequency control signal and the corresponding 
frequency of the CLK signal. 

[0041] The Width of the pulses created by generator 45 
typically is dependent on the input voltage on input 80. This 
is illustrated by the input of generator 45 that is connected 
to input 80. As the voltage on input 80 increases, the Width 
of the pulse from generator 45 may decrease. Such a 
decrease reduces the amount of charge removed from 
capacitor 68 thereby reducing the frequency dependency on 
the input voltage. In some embodiments, this voltage depen 
dency is a result of current sources that are connected to 

receive poWer from input 80. 

[0042] As illustrated in FIG. 1, system 10 is coupled in a 
buck con?guration. HoWever, those skilled in the art Will 
realiZe that controller 25 may also be coupled in a any other 
type of dc-dc converter having a sWitching oscillator includ 
ing boost or buck-boost con?gurations that have poWer 
supply controllers coupled as current mode, feed-forWard, 
voltage mode or other types of controllers. Additionally, 
oscillator 50 may be used in other oscillator applications. 

[0043] In order to provide the functionality described for 
FIG. 1, regulator 27 has a ?rst terminal connected to input 
80, a second terminal connected to return 81, and output 31 
connected to a ?rst terminal of source 52. A second terminal 
of source 52 is commonly connected to a ?rst terminal of 
capacitor 53, a drain of transistor 57, an input of buffer 59, 
and a non-inverting input of comparator 56. A control input 
of source 52 is connected to a ?rst terminal of capacitor 68, 
a drain of transistor 72, and a source of transistors 67 and 70. 
A second terminal of capacitor 53 is connected to return 81 
and to a ?rst terminal of source 58. A second terminal of 
source 58 is connected to a source of transistor 57. A gate of 
transistor 57 is connected to the output of comparator 56 and 
an input of shaper 61. An inverting input of comparator 56 
is connected to a second reference output of reference 26. A 
second terminal of capacitor 68 is connected to return 81 and 
to a ?rst terminal of source 71. A drain of transistor 67 is 
connected to a ?rst terminal of source 66. A second terminal 
of source 66 is commonly connected to a drain of transistor 
70 and output 31 of regulator 27. A gate of transistor 70 is 
connected to an output of comparator 30. A second terminal 
of source 71 is connected to the source of transistor 72. A 
gate of transistor 72 is connected to the output of generator 
54 Which has an input connected to the Q output of latch 44. 
A set input of latch 44 is commonly connected to a control 
input of logic 36 and an output of detector 43. A reset input 
of latch 44 is connected to an output of detect 76. An input 
of detector 43 is connected to input 85. The Ramp output of 
buffer 59 is connected to a non-inverting input of comparator 
33. Output 62 of shaper 61 is connected to a set input of latch 
34 and to an input of detect 76. A reset input of latch 34 is 
connected to an output of comparator 33. An inverting input 
of comparator 33 is commonly connected to a non-inverting 
input of comparator 30 and to an output of ampli?er 28. An 
inverting input of comparator 30 is connected to a third 
output of reference 26. A ?rst output of reference 26 is 
connected to a non-inverting input of ampli?er 28 Which has 
an inverting input connected to input 84. A Q output of latch 
34 is connected to an input of logic 36 and a Q bar output 
of latch 34 is connected to another input of logic 36. Output 
37 of logic 36 is connected to an input of driver 39 Which has 
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an output connected to output 82. Output 38 of logic 36 is 
connected to an input of driver 40 Which has an output 
connected to output 83. 

[0044] FIG. 2 schematically illustrates a portion of an 
example of an embodiment of pulse generator 45. Those 
skilled in the art Will realiZe that the embodiment illustrated 
in FIG. 2 is one example of a pulse generator con?guration 
and that other con?gurations are possible. Generator 45 
includes an inverter 91, a timing sWitch or transistor 92, a 
timing capacitor 94, a timing current source 93, and a NOR 
gate 95. Typically current source 93 is a controllable current 
source that has a current that value that is controlled by a 
control input 80. For example source 93 may be a voltage 
controlled current source that is controlled by the value of 
the voltage on input 80. In the embodiment illustrated in 
FIG. 1, input 81 is connected to input 80 to be controlled by 
the value of the input voltage. 

[0045] FIG. 3 schematically illustrates an enlarged plan 
vieW of a portion of an embodiment of a semiconductor 
device 96 that is formed on a semiconductor die 97. Con 
troller 25 is formed on die 97. Die 97 may also include other 
circuits that are not shoWn in FIG. 3 for simplicity of the 
draWing. Controller 25 and device 96 are formed on die 97 
by semiconductor manufacturing techniques that are Well 
knoWn to those skilled in the art. 

[0046] In vieW of all of the above, it is evident that a novel 
device and method is disclosed. Included, among other 
features, is forming the oscillator of a poWer supply con 
troller to have a frequency that is responsive to the charging 
current of a inductor of a poWer supply system in Which the 
poWer supply controller is con?gured. Changing the fre 
quency of the oscillator responsively to the current through 
the inductor improves the ef?ciency of the poWer supply 
controller in light load current conditions by reducing the 
operating frequency of the poWer supply controller during 
DCM operation. Additionally, changing the frequency to 
improve ef?ciency does not require a lot of control logic 
thereby reducing the cost of the poWer supply controller. 
Additionally, the oscillation frequency is more easily con 
trolled. 

[0047] While the invention is described With speci?c 
exemplary embodiments, it is evident that many alternatives 
and variations Will be apparent to those skilled in the 
semiconductor arts. More speci?cally VFO 51, generator 45, 
and circuit 65 may have many different embodiments as long 
as the oscillator has a variable frequency that is changed in 
the DCM operation mode. For example, circuit 65 may be 
replaced With any type of loW pass ?lter or integrator. It 
should be noted that the Word “connected” is used through 
out for clarity of the description, hoWever, it is intended to 
have the same meaning as the Word “coupled”. Accordingly, 
“connected” should be interpreted as including either a 
direct connection or an indirect connection. 

1. A method of forming a poWer supply controller com 
prising: 

con?guring the poWer supply controller to form a PWM 
drive signal operable to control a poWer sWitch to form 
a current through an inductor of a poWer supply system; 
and 

con?guring the poWer supply controller to reduce an 
operating frequency of the poWer supply controller 
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responsively to the poWer supply controller operating 
in a discontinuous conduction mode. 

2. The method of claim 1 further including con?guring the 
poWer supply controller to receive a feedback signal repre 
sentative of an output voltage of the poWer supply system 
and responsively negate the PWM drive signal. 

3. The method of claim 1 Wherein con?guring the poWer 
supply controller to reduce the operating frequency of the 
poWer supply controller includes con?guring the poWer 
supply controller to decrease a frequency of an oscillator of 
the poWer supply controller responsively to the poWer 
supply controller operating in the discontinuous conduction 
mode and coupling a PWM controller of the poWer supply 
controller to receive a clock signal from the oscillator and 
responsively assert the PWM drive signal. 

4. The method of claim 1 further including con?guring the 
poWer supply controller to increase the operating frequency 
a least a portion of a time that the PWM drive signal is 
asserted. 

5. The method of claim 1 further including con?guring the 
poWer supply controller to decrease the operating frequency 
responsively to the current through the inductor becoming 
substantially Zero. 

6. The method of claim 1 Wherein con?guring the poWer 
supply controller to reduce the operating frequency of the 
poWer supply controller includes con?guring the poWer 
supply controller to generate a frequency control signal 
having a value that is representative of the current through 
the inductor, and con?guring the poWer supply controller to 
increase an average value of the frequency control signal 
responsively to asserting the PWM drive signal. 

7. The method of claim 1 Wherein con?guring the poWer 
supply controller to form the PWM drive signal includes 
con?guring the poWer supply controller to remove charge 
stored on a capacitor to decrease an average value of a 
frequency control signal responsively to the current through 
the inductor becoming substantially Zero. 

8. The method of claim 7 Wherein further including 
con?guring the poWer supply controller to store charge on 
the capacitor responsively to asserting the PWM drive 
signal. 

9. The method of claim 7 further including con?guring the 
poWer supply controller to couple the capacitor to a supply 
voltage responsively to a transient. 

10. A poWer supply control method comprising: 

forming a control signal that is representative of a sub 
stantially Zero crossing of a current through an energy 
storage inductor of a poWer supply system; 

using the control signal to control a frequency of a clock 
signal of a variable frequency oscillator; and 

applying the clock signal to a PWM controller of the 
poWer supply system Wherein the PWM controller 
responsively initiates asserting a PWM drive signal of 
the poWer supply system responsively to the clock 
signal. 

11. The method of claim 10 further including forming a 
variable frequency ramp signal and negating the PWM drive 
signal responsively to the variable frequency ramp signal. 

12. The method of claim 10 Wherein forming the control 
signal that is representative of the substantially Zero crossing 
of the current through the energy storage inductor of the 
poWer supply system includes increasing a value of a 
frequency control signal responsively to asserting the PWM 
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control signal and decreasing the value of the frequency 
control signal responsively to detecting the substantially 
Zero crossing of the current through the energy storage 
inductor. 

13. The method of claim 12 Wherein increasing the value 
of the frequency control signal responsively to asserting the 
PWM control signal includes storing charge on a capacitor 
responsively to asserting the PWM drive signal. 

14. The method of claim 12 Wherein decreasing the value 
of the frequency control signal responsively to detecting the 
substantially Zero crossing of the current through the energy 
storage inductor includes removing charge from a capacitor 
responsively to detecting a substantially Zero value. 

15. A poWer supply controller comprising: 

a PWM controller coupled to receive a clock signal and 
responsively generate a PWM drive signal operable to 
enable a poWer sWitch to generate a current through an 
inductor; and 

a variable frequency oscillator of the poWer supply con 
troller con?gured to generate the clock signal and 
change an operating frequency of the clock signal 
responsively to the current through the inductor becom 
ing substantially Zero. 

16. The poWer supply controller of claim 15 Wherein the 
variable frequency oscillator of the poWer supply controller 
con?gured to generate the clock signal and change the 
operating frequency of the clock signal includes the variable 
frequency oscillator coupled to change the operating fre 
quency responsively to asserting the PWM drive signal. 
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17. The poWer supply controller of claim 16 Wherein the 
variable frequency oscillator coupled to change the operat 
ing frequency responsively to asserting the PWM drive 
signal includes the variable frequency oscillator coupled to 
store charge on a capacitor responsively to asserting the 
PWM drive signal. 

18. The poWer supply controller of claim 17 further 
including the variable frequency oscillator coupled to 
remove charge from the capacitor after negating the PWM 
drive signal. 

19. The poWer supply controller of claim 15 Wherein the 
variable frequency oscillator of the poWer supply controller 
con?gured to generate the clock signal and change the 
operating frequency of the clock signal includes a Zero 
current detector con?gured to generate a Zero crossing signal 
representative of the current through the inductor becoming 
substantially Zero Wherein the variable frequency oscillator 
is operably coupled to receive the Zero crossing signal and 
responsively change the operating frequency of the variable 
frequency oscillator. 

20. The poWer supply controller of claim 19 Wherein the 
variable frequency oscillator is operably coupled to receive 
the Zero crossing signal and responsively change the oper 
ating frequency of the variable frequency oscillator includes 
the variable frequency oscillator operably coupled to 
decrease the operating frequency responsively to the Zero 
crossing signal. 


